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Abstract of JP63202029 

PURPOSETo make it possible to implement 
an oxide film, whose thickness is equal to or 
smaller than that of a gate oxide film, on 
polycrystalline silicon, by implanting nitrogen 
ions into a first polycrystalline silicon layer, and 
forming an electrode layer on the oxide film, 
which is formed by thermal oxidation. 
CONSTITUTIONS specified amount of 
nitrogen ions are implanted 4 in a first 
polycrystalline silicon layer 3. Thereafter, the 
first polycrystalline silicon layer 3, which is an 
electrode beneath a capacitor, is oxidized at 
the same time when a gate oxide film 6 is 
formed. An oxide film for a capacitor is formed 
end its thickness is controlled in 
correspondence with the amount of the 
implantation of the nitrogen ions. Thus a thin 
oxide film 5 can be formed on the first 
polycrystalline silicon layer 3. Since the 
thickness of the oxide film can be controlled in 
a broad range, the design of the capacitor, 
which is formed at the same time as a 
transistor, becomes easy, and the area of the 
capacitor can be made small. 
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Fig. 2 is a view of cross section of sequential main process showing a manufacturing 
method for a non-volatile memory (EPROM) according to the present invention. In Fig. 1, 1 
indicates a silicon substrate, 2 indicates a field oxide film, 9 indicates a gate oxide film 
consisting a memory cell of EPROM, 3 indicates a first layer polycrystalline silicon being 
turned into a final floating gate. 

As shown in Fig. 2 a, after high-density P or As is introduced into the polycrystalline 
silicon 3 as impurity using a conventional method, nitrogen-implanted layer 4 is formed by 
being implanted with nitrogen ion with energy of 30 kev or 50 kev using a conventional ion 
implanter. 

In the above process, nitrogen ion implanting dose is controlled by the application. 
Secondly, as shown in Fig* 2 b, a floating gate is formed by processing the first layer 
polycrystalline silicon 3 using a conventional method. Subsequently, thermal oxidation is done 
in order to form a gate oxide Him 6 on a silicon substrate 1 and form simultaneously an oxide 
film 5 on the floating gate 3. As publicly known, the oxide film on the floating gate 3 forms 
capacitance using a second layer polycrystalline silicon 7 formed subsequently thereon as an 
upper electrode. The value of capacitance thereof depends on the thickness of the oxide film 
formed on the polycrystalline silicon 3. 

According to the method of the present embodiment, when a gate oxide film of 50 nm is 
formed by high-temperature oxidation in regular dry ambience in the process for oxidizing 
both of the gate oxide films 6 of surrounding transistors and the oxide film 5 on the floating 
gate, the oxide film thickness on the floating gate becomes around 70 nm in the case where 
nitrogen ion implantation is not done. However, the oxide film on the floating gate having the 
same thickness of 50 nm as the gate film can be realized by nitrogen ion implantation with dose 
of around 5 x 10 14 cm" 2 , and the oxide film on the floating gate having the thinner thickness of 
40 nm than the gate film can be realized by nitrogen ion implantation with dose of around 1 x 
10 14 cm' 2 . After formation of the oxide film, second layer polycrystalline silicon 7 is formed by 
an ordinary method, and subsequently EPROM is fabricated by an ordinary method. 

Fig. 3 shows an example of dependency of the oxide film thickness on nitrogen 
implantation dose in the case where nitrogen is implanted into the polycrystalline silicon being 
infused with phosphorus in high density using a conventional method and is oxidized by an 
ordinary dry oxidation method. 



